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ABSTRACT 

The spaceborne  and MCC-H computer s y s t e m s  do n o t  seem 
t o  pose  any major  problems for a n  Apol lo  T e l e s c o p e  Mount A l t e r n a t i v e  
AAP m i s s i o n .  The spaceborne  computers  are est imated t o  have 
a d e q u a t e  memory and speed margins  w i t h  r e s p e c t  t o  p r e s e n t l y  
i d e n t i f i e d  r e q u i r e m e n t s .  
t h e  same c o n s t r a i n t s  as  for any o t h e r  AAP m i s s i o n .  The con- 
c l u s i o n  i s  t h a t  i f  t h e  b a s e l i n e  AAP m i s s i o n s  can  be h a n d l e d ,  

The unaugmented MCC-H sys t ems  impose 

. so c o u l d  t h e  ATM A l t e r n a t i v e  Miss ion .  
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MEMORANDUM FOR FILE 

An a l t e r n a t i v e  Apollo T e l e s c o p e  Mount m i s s i o n  h a s  been  
p roposed  for AAP i n  which a CM-SM/LM-ATM combina t ion  i s  f lown 
i n  a h igh  i n c l i n a t i o n  o r b i t ,  i ndependen t  o f  any O r b i t a l  Workshop. 
T h i s  memorandum c o n s i d e r s  t h e  p o t e n t i a l  impact  o f  t h e  spaceborne  
d i g i t a l  computers  and t h e  ground-based computer sys t ems  a t  
Miss ion  C o n t r o l  Center-Houston on t h a t  m i s s i o n .  

I. SPACEBORNE COMPUTERS 

A .  Gene ra l  F u n c t i o n s  

The a l t e r n a t i v e  AAP m i s s i o n  would r e q u i r e  t h e  u s e  o f  
f rom t h r e e  to f i v e  spaceborne  d i g i t a l  computers .  The Launch 
V e h i c l e  D i g i t a l  Computer (LVDC),  t h e  Lunar Module Guidance Com- 
p u t e r  (LGC), and t h e  Command Module Computer ( C M C )  a r e  t h e  

. i d e n t i c a l  machines  used  i n  A p o l l o .  T h e i r  f u n c t i o n s  a re  b a s i -  
c a l l y  s imilar  to t h o s e  i n  Ea r th  O r b i t a l  Apol lo  m i s s i o n s :  t h e  
LVDC c o n t r o l s  t h e  t r a j e c t o r y  o f  t h e  1-aunch v e h i c l e ;  t h e  LGC 
p e r f o r m s  g u i d a n c e  and n a v i g a t i o n  f u n c t i o n s  f o r  a t t a i n i n g  t h e  
p r o p e r  o r b i t  p r i o r  t o  a c h i e v i n g  r endezvous ;  and t h e  CMC p e r -  
forms gu idance  and n a v i g a t i o n  f o r  a c h i e v i n g  r endezvous  o f  t h e  
CM-SM w i t h  t h e  LM, g e t t i n g  t o  t h e  m i s s i o n  o r b i t  w i t h  t h e  com- 
b i n e d  s p a . c e c r a f t ,  and f o r  r e e n t r y .  

A f o u r t h  computer ,  t h e  Apol.10 T e l e s c o p e  Mount D i g i t a l  
Computer ( A T M D C ) ,  h a s  been proposed  by MSFC t o  s u p p o r t  v a r i o u s  
ATM-related f u n c t i o n s  such  as p o i n t i n g  c o n t r o l ,  momentum manage- 
ment,  and d i s p l a y  d r i v i n g . *  

The p o t e n t i a l  f i f t h  computer ,  t h e  Abort  E l e c t r o n i c s  A s -  
s e m b l y  ( A E A ) ,  i s  t h e  small d i g i t a l  computer  t h a t  i s  p a r t  o f  t h e  
Abort  Guidance System i n  t h e  LM. The f u n c t i o n  o f  t h i s  computer 
has n o t  y e t  been d e c i d e d  f o r  A A P .  

*These f u n c t i o n s  c o u l d  b e  p r o v i d e d  by t h e  LGC,  b u t  t h e  a u t h o r s  
agree w i t h  MSFC’s recommendation t h a t  a new, small  computer be 
p u r c h a s e d .  Procurement  o f  t h e  new computer i s  c u r r e n t l y  a \ ” a i t i n g  
NASA H e a d q u a r t e r s  a p p r o v e l .  
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The memory c a p a c i t i e s  f o r  e a c h  o f  t h e  absve  computers  
. are g i v e n  i n  Tab le  1, a l o n g  w i t h  e s t i m a t e d  marg ins  a v a i l a b l e  f o r  

g i v e n ' f o r  t h e  LVDC assume t h a t  t h e  l a u n c h  v e h i c l e  r e q u i r e m e n t  
w i l l  be a b o u t  t h e  same as f o r  a n  Apo l lo  2 0 0 - s e r i e s  m i s s i o n .  The 
LVDC memory can  a l s o  be expanded by add ing  two memory modules 
t o  p r o v i d e  a n  a d d i t i o n a l  4000 words i f  n e c e s s a r y .  The numbers 
g i v e n  f o r  t h e  ATMDC are based on MSFC's es t imated 4000  words 
of c u r r e n t l y  d e f i n e d  ATM s o f t w a r e  r e q u i r e m e n t s ,  and t h e i r  d e s i r e  
for a machine w i t h  a n  8000 word memory t h a t  c a n  be  expanded 
t o  16 ,000  words.  
t h e  Abort  E l e c t r o n i c s  Assembly r ema in  u n d e f i n e d .  

- new programs f o r  t h e  ATM A l t e r n a t i v e  Miss ion .  The es t imates  

The r e q u i r e m e n t s  and e s t i m a t e d  marg ins  f o r  

The b u l k  o f  computer progi2ams f o r  b o t h  t h e  Command 
Module Computer ( C M C )  and t h e  LM Guidance Computer (LGC) would 
be a s u b s e t  o f  t h o s e  needed f o r  Apol lo .  T h e i r  memory marg ins  
were d e t e r m i n e d  i n  t h e  f o l l o w i n g  manner. R e f e r e n c e  1 was used  
as t h e  b a s i c  s o u r c e  o f  programs r e q u i r e d  f o r  a l u n a r  l a n d i n g  
m i s s i o n .  S i n c e  t h e  ATM A l t e r n a t i v e  Missior ,  i s  ea r th  o r b i t a l ,  
t h e  f i r s t  s t e p  was t o  d e l e t e  t h o s e  programs t h a t  were used  
o n l y  i n  t h e  l u n a r  p h a s e  o r  t r a n s f e r  phase  o f  t h e  l u n a r  l a n d i n g  
m i s s i o n  and which do n o t  have a n  ana logous  u s e  i n  e a r t h  o r b i t .  
( R e f e r e n c e  2 was used  as a n  a d d i t i o n a l  g u i d e l i n e  for making 
d e l e t i o n s . )  Also  d e l e t e d  from b o t h  t h e  CMC and t h e  LGC was t h e  
S i s t e m  T e s t  Program ( P O T )  s i n c e  MSC t e n t a t i v e l y  p l a n s  to p e r -  

. form t h i s  f u n c t i o n  by a ground computer  f o r  A A P .  I n  t h e  L G C ,  
t h e  Abort  Guidance System I n i t i a l i z a t i o n  R o u t i n e  ( R 4 7 )  was n o t  
d e l e t e d  because  a s imilar  c a p a b i l i t y  might  be needed i f  t h e  . 

AGS i s  used  f o r  t h i s  m i s s i o n .  O the r  t h a n  these  e x c e p t i o n s ,  
a l l  programs and r o u t i n e s  were r e t a i n e d .  Fo r  t h i s  r e a s o n  t h e  
m a r g i n s  c i t e d  f o r  t h e  CMC and LGC c a n  be c o n s i d e r e d  t o  be con- 
s e r v a t i v e .  The programs carr ied o v e r  from Apo l lo  and t h o s e  
d e l e t e d  are  g i v e n  i n  T a b l e s  2 ,  3 ,  4 and 5.  T a b l e  6 shows t h e  
CMC and t h e  LGC marg ins  o f  6 0 4 5  and 9301 words,  r e s p e c t i v e l y ,  and 
compares them w i t h  t h e  Apollo marg ins  t h a t  e x i s t e d  f o r  t h e  
C o l o s s u s  and Luminary computer programs on March 26 ,  1968. 

The AAP marg ins  r e f l e c t  o n l y  p r e v i o u s l y  known r e q u i r e -  . 
ments .  A s  such ,  t h e y  do  n o t  i n c l u d e  any p o t e n t i a l  new programs,  
s u c h  as  " 2  1 / 2  stages t o  o r b i t "  f o r  t h e  C M C ,  or "unmanned 
r endezvous"  f o r  t h e  L G C .  The n e c e s s i t y  f o r  t h e  ''2 1 / 2  stages" 
program i s  u n c e r t a i n  a t  t h i s  t i m e .  It a p p e a r s  now t h a t  i t  
would be r e q u i r e d  f o r  t h e  proposed  56-day m i s s i o n ,  b u t  n o t  for 
t h e  28-day m i s s i o n .  Even i f  t h i s  program i s  n e c e s s a r y ,  CMC 
memory r e q u i r e m e n t s  a re  n o t  e x p e c t e d  to u s e  a l l  or even  most 
o f  t h e  6000 word pad .  Although t h e  computer program r e q u i r e -  
ments  f o r  unmanned rendezvous  have n o t  been  s p e c i f i e d ,  t h e  
memory r e q u i r e m e n t s  shou ld  not  approach  t h e  o t h e r w i s e  large 
9000 word memory r e s e r v e  o f  t h e  LGC. F u r t h e r m o r e ,  a l t h o u g h  it  
is u n l i k e l y  t o  be needed ,  t h e  1,s-C marg in  i s  l a rge  enough t o  
accommodate t h e  ATMDC r e q u i r e m e n t s .  
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There a p p e a r  t o  be ample marg ins  i n  memory c a p a c i t i e s  
of t h e  spaceborne  computers  f o r  t h e  ATM A l t e r n a t i v e  Miss ion .  
Speed m a r g i n s  a l s o  a p p e a r  t o  be a d e q u a t e  a t  p r e s e n t ,  s i n c e  t h e  
LVDC, L G C ,  and CMC r e q u i r e m e n t s  w i l l  be f o r  t h e  most p a r t  a 
s u b s e t  o f  Apol lo  programs.  The p o t e n t i a l  new s o f t w a r e  such  
as f o r  unmanned rendezvous  and 2 1 / 2  s t a g e s  t o  o r b i t  w i l l  
p r o b a b l y  n o t  cause  any  speed problems e i t h e r ,  i n  t h e  judgement  
o f  t h e  a u t h o r s ,  b u t  f u r t h e r  d e f i n i t i o n  o f  t h e i r  r e q u i r e m e n t s  
i s  n e c e s s a r y  b e f o r e , t h i s  can be conf i rmed.  The new ATMDC i s  
s i z e d  t o  p r o v i d e  a c o n s i d e r a b l e  speed  margin  for h a n d l i n g  
p r e s e n t  r e q u i r e m e n t s ,  s o  t h e r e  i s  no  problem w i t h  it e i t h e r .  

Lead t imes f o r  d e v e l o p i n g  new spaceborne  s o f t w a r e  
packages  s u c h  as  would be needed f o r  2 1 / 2  s t a g e s  t o  o r b i t  
are  r e p o r t e d  as 23  months f o r  MSC programs and 2 2  months f o r  
MSFC programs.  I n  summary, t he re  are no  s i g n i f i c a n t  problems 
which have been found f o r  spaceborne  computers  f o r  t h e  ATM 
A l t e r n a t i v e  Missim. 

11. MCC-H COMPUTER SYSTEMS 

A .  G e n e r a l  F u n c t i o n s  

There are t h r e e  p r i n c i p a l  m i s s f o n - r e l a t e d  computer  
s y s t e m s  a t  MCC-H: The Real T ime  Computer. Complex ( R T C C ) ,  which 
computes t r a j e c t o r i e s ,  m o n i t o r s  and f o r m a t s  t e l e m e t r y ,  
d r i v e s  d i s p l a y s ,  and - i n i t i a t e s  comma’nds; t h e  Communications, 
Command, and T e l e m e t r y  System (CCATS), which i n t e r f a c e s  between 
t h e  RTCC and remote  s i t e s  and c e n t e r s ;  and t h e  S i m u l a t i o n ,  
Checkout ,  and T r a i n i n g  System (SCATS), which i s  used  t o  t r a i n  
f l i g h t  c o n t r o l l e r s  and check o u t  p r o c e d u r e s .  These s y s t e i n s  
are  used  w i t h  a v a r i e t y  of  c o n t r o l  rooms, t h e  p r i n c i p a l  ones  
b e i n g  t h e  Miss ion  O p e r a t i o n s  C o n t r o l  Rooms. 

B. C o n s t r a i n t s  on AAP Miss ions  

The impact  o f  any m i s s i o n  on t h e  MCC-H can  o n l y  be 
d e t e r m i n e d  b y  e v a l u a t i n g  i t  i n  t h e  c o n t e x t  of o t h e r  a c t i v i t i e s  
s u p p o r t e d  i n  t h e  same t i m e  frame. The p r e s e n t  c a p a b i l i t y  o f  
t h e  MCC-H sys t ems  i s  d e s c r i b e d  i n  R e f e r e n c e s  3 and 4 ,  a l o n g  w i t h  
d i s c u s s i o n s  of how augmenting t h e  c u r r e n t  s y s t e m s  c o u l d  p r o v i d e  
expanded c a p a b i l i t y .  It i s  shown t h a t  t h e  c o n s t r a i n t s  on c o n t r o l  
c e n t e r  u s a g e  a r e  p r i m a r i l y  imposed by t h e  number of c o n t r o l  
rooms ( two p r e s e n t l y ) ,  t h e  number o f  r e a l  t i m e  computers  ( f i v e  
p r e s e n t l y )  and t h e  computer t i m e  a v a i l a b l e  f o r  program develop-  
ment .  

The f o l l o w i n g  l i s t ,  based on Refe rence  3 ,  summarizes 
t h e  c o n s t r a i n t s  imposed by the  MCC-H s y s t e m :  
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and o u t  of  t h e  MCC-H a t  a n  
i n s t a n t  of. t i m e  must be l i m i t e d  to data  e q u i v a l e n t  
to t h a t  from t h e  Apol lo  Launch Data S y s t e m  p l u s  1 2  
h igh  speed  data  l i n e s  to a v o i d  o v e r l o a d i n g  t h e  C C A T S .  

Launches s h o u l d  b e  a t  l e a s t  t e n  d a y s  a p a r t  t o  a v o i d  
o v e r l o a d i n g  t h e  S i m u l a t i o n  Checkout and T r a i n i n g  
Sys tem (SCATS); t h e  r e s t r i c t i o n  d o e s  n o t  a p p l y  to 
t h o s e  d u a l  l a u n c h  m i s s i o n s  t h a t  c a n  be  c o n t r o l l e d  
from a s i n g l e  C o n t r o l  Room. 

A m i s s i o n  must be no more complex t h a n  t h e  Apol lo  
l u n a r  l a n d i n g  m i s s i o n  i n  terms o f  d i s p l a y  r e q u i r e -  
ments  and computer l o a d i n g  to a v o i d  o v e r l o a d i n g  t h e  
RTCC computers .  

No more t h a n  two m i s s i o n s  [a d u a l  m i s s i o n  t ha t  can  be 
c o n t r o l l e d  from a s i n g l e  C o n t r o l  Room c o u n t s  as one]  
may be conducted  s i m u l t a n e o u s l y  -- l i m i t e d  b y  t h e  
number o f  C m t r o l  Rooms. 

No more t h a n  two m i s s i o n s  Ea d u a l  m i s s i o n  t h a t  can  be 
c o n t r o l l e d  from a s i n g l e  C o n t r o l  Room c o u n t s  as one]  
c a n  be s u p p o r t e d  w i t h i n  85 d a y s  -- l i m i t e d  b y  t h e  
number o f  C o n t r o l  Rooms and t h e i r  t u r n a r o u n d  t i m e .  

The most demanding phases  of two A p o l l o - l i k e  m i s s i o n s  
must n o t  o v e r l a p  t o  avo5d o v e r l o a d i n g  t h e  d i s p l a y  
s y s t e m .  

These c o n s t r a i n t s  a r e  n o t  p e c u l i a r  to t h e  ATM 
A l t e r n a t i v e  Miss ion ;  r a t h e r ,  t h e y  a p p l y  t o  a l l  Apol lo  and A A P  
m i s s i o n s .  I n  o u r  o p i n i o n ,  t h e  a l t e r n a t i v e  m i s s i o n  c a n  be 
s u p p o r t e d  from a s i n g l e  C o n t r o l  Room. Hence i t  c a n  be f lowc  a t  
t h e  same t i m e  as a n  Apol lo  m i s s i o n .  However, t h e  c o n s t r a l n t s  
r u l e  o u t  f l y i n g  t h e  m i s s i o n . s i m u l t a n e o u s l y  w i t h  a n  independen t  
O r b i t a l  Workshop m i s s i o n  and a n  Apol lo  m i s s i o n ,  b u t  t h i s  com- 
b i n a t i o n  i s  n o t  v e r y  l i k e l y  t o  o c c u r .  Thus t h e  MCC-H s y s t e m s  
do  no t  p l a c e  any p a r t i c u l a r l y  d i f f i c u l t  c o n s t r a i n t s  on t h e  ATM 
a l t e r n a t i v e  m i s s i o n .  The l e a d  t i m e  t o  d e v e l o p  MCC-H s o f t w a r e  
for t h i s  m i s s i o n  s h o u l d  be  about  one year  from t h e  t i m e  r e q u i r e -  
men t s  are  d e f i n e d .  

111. CONCLUSION 

Although t h i s  s tudy  was r a the r  s u p e r f i c i a l ,  no s e r i o u s  
or even  p o t e n t i a l l y  s e r i o u s  problems were d i s c o v e r e d .  It t h e r e -  
f o r e  i s  concluded t h a t  t h e  spaceborne  and MCC-H computer s y s t e m s  
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should p r e s e n t  no s i g n i f i c a n t  problems for t h e  ATM A l t e r m a t i v e  
M i s s i o n  above t h o s e  e x i s t i n g  f o r  t h e  b a s e l i n e  AAP.  
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TABLE 2 

CMC Software Retained 

UTILITY AND SERVICE FROGRAMS 

INTERPRETER, SINGLE PRECISION . 
SUBROUTINES, FIXED-FIXED CONSTANT POOL 

EXECUTIVE 

WAITLIST, LONGCALL 

INTERRUPT LEAD I N S  

INTERBANK COMMUNICATION 

T4RUPT 

SXT ANG MON 

KEYRUPT-UPRUPT 

DOWNLINK PROGRAM AND 5 LISTS 

FRESH START AND RESTART 

ALARM AND ABORT 

DELAYJOB 

RESTART ROUTINE AND TABLES 

PHASE TABLE MAINTENANCE . 

PINBALL PROGRAM AND NOUN TABLES 

DISPLAYS, PRIOLARM 

PROGRAM SELECT, POO, ROO 

SELF CHECK 

EXTENDED VERBS 

RTB OP CODES 

SXTMARK 

COMPUTER WORDS 

2199 

337 

238 

58 

88 

791 

4 2  

68 

395 

387 

63 

30 

4 0 1  

183  

2905 

679 

283 

314 

562 

178 

307 



BELLCOMM. INC.. 

TABLE 2 ( c o n t i n u e d )  

CMC S o f t w a r e . R e t a i n e d  

UTILITY AND SERVICE PROGRAMS ( c o n t i n u e d )  

I M U  MODE SWITCHING 

I M U  COMPENSATION 

CMC STARTUP 

CMC POWER DOWN ( P 0 6 )  

I M U  STATUS CHECK 

INTERPRETIVE CONSTANTS 

FLAGUP, FLAGDOWN 

GENTRAN 

DAP DATA LOAD ( ~ 0 3 )  

END BANK MARKERS 

AUTOPILOT AND MANEUVER PROGRAMS 

DAP ENTRY 

DAP BOOST 

DAP R C S  

DAP TVC 

,340.6 

TVNG 

KALCMANU 

ATTITUDE MANEUVER ( R 6 0 )  

CREW.DEFINED MANEUVER ( R 6 2 )  

COMFUTER WORDS 

571  

246 

32 

48 

1 7  

35 

63 

1 5  

2 9  

79 

SUBTOTAL 11643 

823 

63 

1795 

1653 

68 

26 

711  

8 3  

11 



BELLCOMM, INC. 

TABLE 2 ( c o n t f n u e d )  

. AUTOPILOT AND MANEUVER PROGRAMS . ( c o n t i n u e d )  COMPUTER WORDS 

VECPOINT 130 

RENDEZVOUS FINAL ATTITUDE ( ~ 6 3 )  40 

MIDDLE GIMBAL DISPLAY 

CM BODY ATTITUDE 

SUBTOTAL 

BASIC MATH ROUTINES 

INFLIGHT ALIGNMENT ROUTINES 

POWDERED FLIGHT SUBROUTINES 

CSM GEOMETRY 

TIME OF FREE FALL 

q O N I C  SUBROUTINES 

. ORBITAL INTEGRATION 

PERIAPO 

LATITUDE, LONGITUDE, ALTlTUDE 

I N I T I A L  VELOCITY 

LUNAR AND SOLAR EPHEMERIS 

PLANETARY INERTIAL ORIENTATION 

SUBTOTAL 

TARGETING ROUTINES 

CENTRAL ANGLE SUBROUTINE 

SUBTOTAL 

NAVIGATION ROTJ'TINES 

64 

195  

5 6 6 2  

2 2 5  

159  

2 5 4  

2 6 4  

1 0 9 3  

1 4 9 0  

78 

159 

175  

7 1  

2 0 4  

4 1 7 2  

40 

40 

MEASUREMENT INCORPORATION 333 



I. 
BELLCOMM.  I N C .  

T A B L E  2 ( c o n t i n u e d )  

N A V I G A T I O N  R O U T I N E S  ( c o n t i n u e d )  

P R E F E R R E D  T R A C K I N G  A T T I T U D E  ( R 6 1 )  

R E N D E Z  T R K G  S G H T N G  MARK t B C K U P  

R E N D E Z  T R K G  D A T A  P R O C E S S  t B C K U P  

P O W E R E D  G U I D A N C E  R O U T I N E S  

S E R V I C E R  

D E S I R E D  T H R U S T  D I R E C T I O N  

CROSS PRODUCT STEERING 

V G  C A L C U L A T I O N  

T I M E  O F  B U R N  C A L C U L A T I O N  

I N I T I A L  VG 

E N T K Y  G U I D A N C E  

C O M P U T E R  WORDS 

270 

66 

450 

S U B T O T A L  1119 

423 

299 

S U B T O T A L  2182 

A L I G N M E N T  R O U T I N E S  

COARSE ALIGN ( ~ 5 0 )  

F I N E  A L I G N  ( R 5 1 )  

A U T O  O P T I C S  ( R 5 2 )  

S I G H T I N G  MARK ( R 5 3 )  

S T A R  DATA TEST ( R 5 4 )  

G Y R O  T O R Q U I N G  ( R 5 5 )  

P I C K - A - P A I R  

S T A R  C A T A L O G  

A L T E R N A T E  I O S  S I G H T I N G  MARK ( R 5 6 )  

74 

1 1 6  

1 2 6  

47 

4 1  

27 

1 2 7  

223 

118  



B E L L C O M M ,  I N C .  

.._ 

s 

TABLE 2 ( c o n t i n u e d )  

ALIGNMENT ROUTINES ( c o n t i n u e d )  

OPTICS CALIBRATION ( R 5 7 )  

COMPUTER WORDS 

48 

SUBTOTAL 947 

MISCELLANEOUS PROGR,AMS AND ROUTINES 

~ 2 7  - UPDATE PROGHAM 3 0 6  

~ 3 6  - REND OUT OF' PLANE CISPLAY 9 1  

P30-P31  - EXT DELT V+GEN LAMBERT MAN 2 8 8  

~ 0 5  - s BAND ANTENNA DISPLAY 80  

~ 3 0  - ORBIT PARAMETER DISPLAY' 2 6 0  

R 3 1 - R j 4  REND PARAM DSPLA ROUT 1 + 2  1 7 0  

R32  - TARGET DELTA V 97 

* R33 - CMC/LGC CLOCK SYNCHRONIZATION 2 6  

SU BT 0 TAL 1318 

M I S S I O N  CONTROL PROGRAMS 

PO1 - PREL OR SERV. INITIALIZATION 

PO2 - PREL OR SERV GYROCOMPASSING 

~ 0 3  - OPTICAL VERIF OF GYROCOMP 

P 1 1  - EARTH ORBIT INSERTION MONITOR 

P 2 0  - RENDEZVOUS'NAVIGATION 

P 2 1  - G R O U N D  TRACK DETERMINATION 

P 3 4 ,  35, 7 4 ,  75 TP PRETHRUST 

~ 3 8 ,  39, 78 ,  7 9  SOR+SOM PRETHRUST 

P 4 0 - P 4 1  SPS+RCS THRUSTING 

3 2 8  

1 7 7  

3 9 9 .  

1 4 0  

66  

643 

2 3 1  

6 0 1  



1. 
BELLCOMM. I N C .  

TABLE 2 ( c o n t i n u e d )  

M I S S I O N  CONTROL PROGRAMS ( c o n t i n u e d )  

P 4 7  - THRUST MONITOR 

~ 5 1 ,  ~ 5 3  - IMU ORIENT DETERM + BACKUP 

~ 5 2 ,  ~ 5 4  - IMU REALIGN AND BACKUP 

~ 6 1  - MANEUVER TO CM/SM SEP ATT 

~ 6 2  - CM/SM SEP + PRE-ENT MANEUVER 

P 6 3  - ENTRY INITIALIZATION 

P 6 4  - POST 0.05G 

P 6 7  - FINAL PHASE 

SUBTOTAL 

GRAND TOTAL 

COMPUTER MEMORY (FIXED) 

PAD REMAINING F O R  AAP 

COMPUTER WORDS 

43 

2 5 6  

373 

3 0 7  

80  

1 6  

6 

3 2  

3736 

3 0 8 1 9  

36864 

6 0 4 5  



BELLCOMM.  I N C .  

TABLE 3 

LGC Software Reta ined  

UTILITY AND 'SERVICE PROGRAMS 

INTERPRETER, SINGLE PRECISION 
SUBROUTINES, FIXED-FIXED CONSTANT POOL 

EXEC UTI VE 

WAITLIST, LONGCALL 

INTERRUPT LEAD INS 

INTERBANK COMMUNICATION 

T4RUPT 

KEYRUPT-UPRUPT 

EGWNLIN'X - TROGRAM AND 5 LISTS 

FRESH START AND RESTART 

ALARM AND ABORT 

DELAY J OB 

RESTART ROUTINE AND TABLES 

PHASE TABLE MAINTENANCE 

PINBALL PROGRAM AND NOUN TABLES 

DISPLAYS, PRIOLARM 

PROGRAM SELECT, POO, ROO 

SELF CHECK 

EXTENDED VERBS 

RTB OP CODES 

RADAR RUE'TS 

* AOTMARK ( R 5 3 )  

C O A S  BACKUP M A R K I N G  

I M U  FIGilE SWITCHING 

I M U  COMPZNSATION 

COMPUTER WORDS 

2 1 9 9  

337 

2 3 8  

58 

88 

6 1 2  

68 

354 

4 0 7  . 

63 

3 0  

2 9 3  . 

183 

2 9 1 9  

679  

3 0 1  

314 

483 

178 

181  

386 

15 

571 

2 6 7  



i 
BELLCOMM. I N C .  

TABLE 3 ( c o n t i n u e d )  

UTILITY AND SERVICE PROGRAMS ( c o n t i n u e d )  

LGC STARTUP 

LGC POWER DOWN ( ~ 0 6 )  

I M U  STATUS CHECK 

INTERPRETIVE CONSTANTS 

FLAGUP, FLAGDOWN 

GENTRAN 

DAP DATA LOAD ( R 0 3 )  

. RADAR SUBROUTINES 

END BANK MARKERS 

AUTOPILOT AND MANEUVER PROGRAMS 

DIGITAL AUTaPILOT 

KALCMANU 

FINDCDUW 

ATTITUDE MANEUVER ( R 6 0 )  

CREW DEFINED MANEUVER ( ~ 6 2 )  

VECPOINT 

RENDEZVOUS FINAL ATTITUDE ( R 6 3 )  

BALL ANGLE DISPLAY 

BASIC MATH ROUTINES 

INFLIGHT ALIGNMENT 3IOUTINES 

POWERED FLIGHT SUBROUTINES 

LEN GEOMETRY 

TIME 03 E’REE FALL 

COMPUTER WORDS 

3 2  

4 8  

17 

35 

63 

1 5  

139 

739  

7 2  
SUBTOTAL 12384 

2966 

6 7 0  

282 

124  

11 

1 3 0  

67 

49 
SUBTOTAL 4 2 9 9 

227 

1 5 9  

99 

264 



BELLCOMM,  INC. 

TABLE 3 ( c a n t i n u e d )  

. BASIC MATH' ROUTINES ( c o n t i n u e d )  . 

C O N I C  SUBROUTINES 

ORBITAL INTEGRATION 

PERIAPO 

LATITUDE, LONGITUDE, ALTITUDE 

COMPUTER WORDS 

I N I T I A L  VELOCITY 

LUNAR AND SOLAR EPHEMERIS 

PLANETARY INERTIAL ORIENTATION 

SUBTOTAL 

NAVIGATION ROUTINES 

MEASUREMENT INCORPORATION 

PREFERRED TRACKING ATTITUDE ( ~ 6 1 )  

RENDEZVOUS NAVIGATION AND 
LSR2 2 . 3 ,  RADARANG 

LUNAR SURFACE NAVIGATION AND 
. LSR22.4  

RR SEARCH, DESIGNATE AND READ 
R21 ,  R22 ,  R23 ,  R24 . 

LRS 2 2 . 1 ,  LRS22 .2 ,  
LRS24 .1 ,  CALCXY . 

L P S 2 0 . 1 ,  L P S 2 0 . 2 ,  

POWERED GUIDANCE ROUTINES 

SERVICER 

DESIRED THRUST DIRECTION 
* S40.1, S 4 0 . 2 ,  3 

' CROSS PRODUCT STEERING (S40.8)  

VG CALCULATION (S40.9)  

1 0 9 3  

1 4 9 6  

78  

159  

1 7 5  

1 2 6  

2 0 4  
4080 

333 

37 

480 

627 

SUBTOTAL 1477 

983 

1 1 7  

60: 

99 



BELLCOMM.  INC 

TABLE 3 ( c o n t i n u e d )  

POWERED GUIDANCE ROUTINES ( c o n t i n u e d )  

TIME OF BURN CALCULATION ( S 4 0 . 1 3 )  

TRIMGIMB, S 4 1 . 1  

ALIGNMENT ROUTINES - 
COARSE ALIGN ( R 5 0 )  

FINE ALIGN ( ~ 5 1 )  

AUTO OPTICS ( R 5 2 )  

STAR DATA TEST ( R 5 4 )  

GYRO TORQUING ( R 5 5 )  

PICK-A-PAIR 

STAR CATALOG 

MISCELLANEOUS PROGRAMS AND ROUTINES 

R47 - A G S  INITIALIZATION 

~ 3 6  - RENDEZVOUS OUT OF PLANE DISPLAY 

P 2 7  - UPDATE PROGRAM 

~ 3 0  - EXTERNAL DELTA v PRETHRUST 

P 3 1  - GENERAL LAMBERT MANEUVER 

R04 - RR/LR SELF TEST AND 

R 7 7  - LR SPURIOUS RETURN TEST 

R05 - S BAND ANTENNA DISPLAY 

~ 3 0  - ORBIT PARAMETER DISPLAY 

R 3 1  - RENDEZVOUS PARAMETER DISPLAY 

R32 - TARGET DELTA V 

COMPUTER WORDS 

118 

54 
SUBTOTAL 1431 

61 

103 

65 

4 1  

27  

1 3 2  

2 2 3  
SUBTOTAL 6 5 2  

1 1 4  

91  

3 0 5  

97 

93 

145 

99 

260 

1 7 0  

97 



i- BELLCOMM. INC. 

TABLE 3 ( c o n t i n u e d )  

MISCELLANEOUS PROGRAMS AND ROUTINES ( c o n t i n u e d )  

R33 - CMC/LGC CLOCK SYNCHRONIZATION 

R 1 3  - AUTO MODES MONITOR 

M I S S I O N  CONTROL PROGRAMS 

P 2 0  RENDEZVOUS NAVIGATION 

P 2 1  GROUND TRACK DETERMINATION 

P 2 5  PREFERRED TRACKING ATTITUDE 

P34-P74 TP PRETHRUST 

P 3 8 ,  39, 78,  79 S O R ,  SOM PRETHRUST 

P 4 1  R C S  THRUST 

P 4 7  THRUST MONITOR 

P 5 1  I M U  ORIENTATION 

P 5 2  I M U  REALIGNMENT 

COMPUTER MEMORY (FIXED) 

PAD REMAINING FOR AAP 

COMPUTER WORDS 

2 6  

36 
SUBTOTAL 1 5  3 4 

2 0 2  

66 

54 

6 4 2  

2 2 4  

47 

5 2  

2 6 3  

156 
SUBTOTAL 1 7 0 6  

GRAND TOTAL 2 7 5 6 3  

36864 

9 3 0 1  



BELLCOMM, I N C .  

TABLE 4 

CMC Sof tware  D e l e t e d  

U t i l i t y  and S e r v i c e  R o u t i n e s  

System T e s t  (PO?) 

T a r g e t i n g  R o u t i n e s  

TPI Sea rch  

Computer Words 

626  - 
S u b t o t a l  626  

313 
S u b t o t a l  313 

N a v i g a t i o n  R o u t i n e s  

Lunar Landmark S e l e c t i o n s  (R35) 

Landmark Tab le  

210 

150 
S u b t o t a l  360 

M i s s i o n  C o n t r o l  Programs 

P l 5  T r a n s l u n a r  I n j e c t i o n  

P l 7  T P I  Sea rch  . 

P 2 2  O r b i t a l  Nav iga t ion  

P23 C i s l u n a r  Miscourse  Nav iga t ion  

P37 Re tu rn  t o  E a r t h  

P65  Upcon t ro l  

P66 B a l l i s t i c  

P77 LM T P I  S e a r c h  

--- 

7 0  

1015 

554 

1258 

22 

9 
--- 

S u b t o t a l  2928  

Grand T o t a l  4 2 2 7  



B E L L C O M M ,  I N C .  

TABLE 5 

LGC Sof tware  D e l e t e d  

Conputer  Words 

628 

U t i l i t y  a.nd S e r v i c e  Programs 

System T e s t  (PO") 
S u b t o t a l  628  

A u t o p i l o t  and Maneuver Programs 

Middle  Gimbal D i s p l a y  64 
S u b t o t a l  6 4  

- 

T a r g e t i n g  R o u t i n e s  

649  C o e l l i p t i c  Sequence I n i t i a t i o n  

Cons tan t  Delta A l t i t u d e  --- - 
S u b t o t a l  649 

Powered Guidance R o u t i n e s  

759 Descent  Guidance 

. T h r o t t l e  Logic  112 

Ascent  Guidance 512 
S u b t o t a l  1383 

Misce l l aneous '  Programs and Rou t ines  

R10-LNDG Analog Di sp lay  Moni tor  

R11-Abort D i s c r e t e s '  Monitor  

480 

3 
S u b t o t a l  514 

Miss ion  C o n t r o l  Programs 

P10-P11 P r e d i c t e d  Launch Time 

P12 Ascent  Guidance 

P22 Lunar S u r f a c e  Nav iga t ion  

P32-P72 CSI P r e t h r u s t  

4 4 1  

139 

18 

93 

136 

967 

'P33-P73 CDH P r e t h r u s t  

P 4 0  DPS T h r u s t  



B E L L C O M M ,  INC. 

TABLE 5 LGC S o f t w a r e  Deleted-Continued 

P42 APS T h r u s t  

P57 Lun'ar S u r f a c e  Align 

P63 Landing Brak ing  

P64 Landing Approach 

P65, P66, P67 

P70 DPS Abort  

P7l APS Abort  

16 

494 
166 

S u b t o t a l  2904 

Grand T o t a l  6142 



BELLCOMM. I N C .  

TABLE 6 

Comparison o f  Apo l lo  and A A P  Memory Pads  

I .  Command Module Computer 

ApolPo 
(Co lossus ,  as  o f  3/26/68) 

Computer Memory Capac i ty  
( F i x e d )  

Words U t i l i z e d  

Pad 

11. 

Remaining 

LM Guidance Computer 

C omp u t  e r  Memory Capac i ty  
( F i x e d )  

Words U t i l i z e d  

’ Pad Remaining 

36864 Words 

35046 

1818 

Apol lo  
(Luminary, as o f  3/26/68) 

36864 Words 

33705, 

3159 

A A P  

36864 Words 

30819 

6045 

AAP 

36864 Words 

27564 

9301 


